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ABSTRACT 


A  Data  analysis  in  this  raport  is  tha  culmination  of  tasting  on  thraa 
dissactad  motors,  as  wall  as  twq  tsst  parlods  for  a  fourth  dlssactad  motor. 

In  ordar  to  ralata  tha  nawast  dlssactad  motor  to  previously  dissactad 
motors,  an  analysis  of  covarlancs  was  parfonssd.  Tha  naw  data  was  subjac- 
tad  to  a  dataralnatlon  of  slgnlfieanca  of  maans  and  varlanca.  Ragrasslons 
of  Individual  motor  trands  for  many  paramatars  ara  lncludad  in  this  raport. 

Although  thasa  individual  ragrasslons  do  show  some  significant  trands, 
it  does  not  appear  that  age-out  is  lmmlnsnt. 
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INTRODUCTION 

PURPOSE:  The  purpose  of  this  program  is  to  continue  surveillance  tasting 


of  Minuteaan  Reentry  System  Launch  Program  Stage  II  propellant.  This  sur¬ 
veillance  will  elucidate  the  aging  characteristics  of  the  propellant  and, 
using  statistical  trends  derived  from  laboratory  testing,  will  help  to 
establish  the  service  life  expectation  of  similar  motors  in  the  inventory. 
BACKGROUND:  Surveillance  testing  was  Initiated  In  1963  on  cartons  of 
propellant  cast  from  the  same  propellant  used  in  motor  manufacture. 

In  1971,  all  laboratory  prepared  Insulation  material  and  case-to-pro- 
pellant  bond  specimens  were  destroyed  in  a  conditioning  chamber  malfunction. 
The  nusiber  of  cartons  of  propellant  were  also  near  depletion,  which  would 
have  terminated  the  surveillance  program. 

A  force  modernization  program  made  available  some  older  Mlnuteman  I 
Stage  II  motors.  Three  of  these  motors  were  selected  to  represent  the 
motor  Inventory  and  were  dissected  for  leboratory  surveillance  testing. 

The  motors  selected  were  S/N  0022133,  cast  date  June  1963;  S/N  0022583, 
cast  date  January  1964;  and  S/N  0022788,  cast  in  July  1964.  An  additional 
motor,  S/N  0022687,  cast  In  April  1964,  became  available  and  was  dissected 
In  1981  for  continuing  surveillance  testing. 

MANPA  Report  384(77)  was  the  last  time  that  carton  data  was  combined 
with  dlseected  motor  data.  Since  that  time,  sufficient  dissected  motor 
data  have  been  available  for  testing  and  statistical  analysis.  The  test 
data  from  Stage  II  dissected  motors  were  assumed  to  have  a  normal  popula¬ 


tion  that  could  be  combined.  This  report  demonstrates  this  to  be  a  false 
asswptlon. 

The  amount  of  propellant  available  from  motor  S/N  0022583  was  suf¬ 


ficient  for  only  four  test  periods.  Motors  S/N  002213S  and  0022718 


talned  sufficient  propellant  for  seven  (7)  teat  periods. 


aseets 
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haw  ban  dap la tad 


No  insulation  uatariali  fro*  tha  thraa  aotors  vara  available  for 
tasting  a Inca  all  aaearlala  vara  daplacad  during  tha  fourth  tast  pariod. 

Taat  conditions  and  tast  parhnaters  haw  changad  ainca  tha  incaptlon 
of  tha  pro  gras  to  inprow  or  provide  battar  tast  techniques  or  stata-of- 
t ha-art.  Liaitad  data  ara  availabla  for  sons  paraaatars  and  is  avldant 


in  soaa  of  tha  ragrassions. 

Motor  S/N  0022687  vas  dissactad  in  a  diffarant  aannar  than  othar 
aotors.  Tha  distanea  batvaan  cuts  B  and  C,  and  cuts  C  and  0  vas  increased 
to  16  inches  (figures  1  and  2). 


Motors  vhich  haw 


*>W  8/M 
0022133 
0022383 
0022788 


0022687 


dissected  to  data  ara: 


63162 

64008 

64197 


64096 


Setaaeta  A,  B,  aad  C  fxaa  section  4  of  aster  8/M  0022687  vara  used  for 
taat lag.  The  saaplsa  vara  cat  in  their  raspactiw  orientation  as  illus¬ 
trated  in  figure  3.  Figure  4  illuatracaa  tha  cutting  plan  for  tha  latest 
tout  pariod. 
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This  figure  lllus traces  what  eh*  various  simple 


orlantacion  tens  mean  with  respect  to  a  segment 
of  the  motor. 

A  JANHAF  dogbone  Is  used  In  the  Illustration  to 
depict  the  areas  from  where  the  specimens  are 
obtained. 


STATISTICAL  ANALYSIS 


The  objective  of  chit  statistical  analysis  Is  to  determine  whether  or 
not  any  sting  trends  ars  demonstrated  by  accumulated  test  data  In  order 
to  assist  Service  Engineering  to  nore  accurately  predict  motor  service¬ 
ability. 

Testing  and  statistical  analysis  vers  performed  to  obtain  an  overall 
view  of  the  aging  trends  affsctlng  the  Stage  II  Dissected  motor  program. 

For  this  test  period,  analyses  ware  made  to  determine:  (1)  what  aging 
trends  are  demonstrated  for  motor  0022667  data  within  two  test  periods 
(1982  and  1983)  and  (2)  the  relationship  between  the  data  from  motor  S/N 
0022687  and  data  from  previously  dissected  motors  0022135,  0022583  and 
0022788. 

At  the  present  time  there  are  only  two  data  points  for  motor  0022687, 
therefore  a  regression  analysis  would  not  be  acceptable  and  It  became 
necessary  to  relate  the  data  to  other  dissected  motors. 

The  data  from  motor  0022687  covering  two  test  periods  were  statisti¬ 
cally  compared  for  comb Inability  by  comparing  data  variations  (F  test)  and 
mean  values  (t  test)  of  each  test  period  at  the  5Z  significance  level 
(Table  1).  There  are  13  different  tensile  tests  and  five  parameters  per 
test.  Thus,  there  are  a  total  of  65  comparisons  with  an  average  of  7.9 
samples  per  test  period.  The  variance  comparison  resulted  la  17  tests 
significantly  different  and  A8  tests  non-slgnlf leant .  The  swan  compari¬ 
sons  for  those  46  tests  with  a  non-significant  variance  resulted  In  32 
tests  significantly  different  and  16  tests  with  no  significant  differences 
between  means.  Tensile  testing  comparisons  resulted  In  significant  dif¬ 
ferences  from  variance  tasting  and  mean  testing.  Sixteen  out  of  65,  or 
24.62X  have  a  non-elgnlf leant  difference  and  data  are  comblneble. 

S trace  relaxation  testing  uses  two  strain  rates  for  two  propellants  at 
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five  temperature*.  Moreover,  four  Claes,  in  seconds,  have  been  selected 
for  coaparlson  giving  a  total  of  80  comparisons.  An  average  of  3  seaples 
per  test  period  represents  a  small  saaple  size.  The  variance  coaparlson 
(F  test)  resulted  In  34  tests  significantly  different  and  46  tests  non¬ 
significant.  The  aean  coaparlson  (t  test)  for  those  46  tests  with  a  non¬ 
significant  variance,  resulted  In  30  tests  significantly  different  and  16 
teats  non-slgnlficantly  different  between  aeans.  Stress  relaxation  com¬ 
parisons  resulted  In  16  out  of  80  or  20Z  Indicating  a  non-significant  dif¬ 
ference,  and  these  data  are  combinable. 

For  hardness,  burn  rate,  and  TCLE  testing  there  are  8  comparisons  with 
an  average  of  5.5  samples  per  test  period,  a  marginal  sample  size.  The 
variance  comparison  resulted  in  3  tests  significantly  different  and  5  tests 
non-significant .  The  mean  comparisons  for  the  5  tests  with  a  non-signifi¬ 
cant  variance  resulted  in  one  test  being  significantly  different  and  4  tests 
non- significant  between  means.  Test  results  for  variance  and  mean  show  4 
out  of  8  or  50Z  show  a  non-significant:  difference  and  data  are  combinable. 

The  results  In  the  over  all  comparison  testing  of  data  from  motor  S/M 
0022687  statistically  Indicates  some  factor  has  changed  the  propellant  in 
15  months  time.  These  changes  may  be  attributed  to  storage  conditions, 
tumidity  or  personnel  change  and  are  being  investigated. 

In  1977,  using  propellant  from  Stage  II  dissected  motors,  a  normal  dis¬ 
tribution  of  the  population  was  assumed  (an  assumption  later  proved  In¬ 
valid).  Multiple  type  regressions,  using  a  unique  plotting  code  for  each 
motor  (combining  data  from  all  dissected  motors  Into  one  regression)  was 
the  method  of  reporting  the  test  results  due  to  the  small  amount  of  data 


available  for  each  motor.  Because  of  this  type  reporting,  cashing  of  Indi¬ 


vidual  motor  treads  was  posslbls  sad  has  been  stated  la  previous  reports 
as  such.  At  the  present,  with  more  accumulation  of  data  and  Improved  sta- 
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tlstlcal  tools,  individual  motor  variances  and  masking  have  now  become  ob¬ 
vious  within  the  combined  composite  regression  plots.  All  combined  compo¬ 
site  regression  plots,  using  unique  plotting  codes  for  each  motor,  have 
been  Included  to  allow  a  visual  .display  of  the  over  all  relationship  be¬ 
tween  motors. 

The  data  from  composite  regression  plots  have  been  subdivided  into 
separate  individual  motor  regression  plots.  A  selected  sample  of  these 
individual  motor  regressions  were  then  tested  for  the  statistical  ability 
to  combine  these  separate  regressions  to  create  a  composite  regression  at 
the  5Z  significance  level.  A  newly  Implemented  Analysis  of  Covariance 
computer  program  was  developed  for  this  purpose.  First,  the  data  variance 
around  the  trend  lines  is  compared  if  the  variance  is  non-significant.  The 
trend  lines  slope  and  elevation  is  then  tested  for  combinabllity .  Out  of 
a  total  of  14  different  tests  currently  used  on  this  propellant,  5  tests 
were  selected  or  22  comparisons.  All  had  a  significant  relationship  andT 
statistically  should  not  be  combined.  Each  motor  must  be  individually  plot 
ted  and  analyzed  to  eliminate  errors  and  provide  meaningful  regressions. 

The  composite  plots  in  this  report  show  the  relationship  between  the  earli¬ 
er  dissected  motors  and  motor  0022687. 

Table  2  contains  the  Analysis  of  Covariance  results  for  five  tests. 

The  motor-to-motor  relationships  and  direction  of  regression  trend  line 
slopes  My  be  found  in  Table  3.  Table  3  also  identifies  areas  in  which  the 
composite  plots  have  been  masking  individual  motor  trends.  Such  an  example 
is  very  low  rate  tensile  maximum  stress  on  the  outer  propellant  at  0.0002 
in/min,  where  the  combined  composite  regression  trend  line  has  a  non-signi¬ 
ficant  slope.  However,  the  treed  line  for  motor  0022135  has  a  negative 
slope.  There  are  many  eases  of  the  composite  plots  Making  the  individual 
motor  trends  found  in  Table  3. 


DEFINITION  OF  THE  MASTER  STRESS  RELAXATION  CURVE 

The  master  stress  relaxation  curve  la  «  composite  curve  representing 
the  behavior  of  a  polymer  over  a  wide  range  of  time  and  temperature  rela- 

i 

tlonshlps.  From  a  curve  constructed  at  a  given  strain  level,  any  combi¬ 
nation  of  time  and  temperature  can  be  used  to  determine  a  corresponding 
stress  relaxation  modulus. 

DETERMINATION  OF  STRESS  RELAXATION  MODULUS 
USING  A  MASTER  STRESS  RELAXATION  CURVE 

From  test  data  at  a  particular  strain  level,  a  polymer's  stress  relax¬ 
ation  modulus  corresponding  to  any  combination  of  time  and  temperature  can 
be  determined.  The  horizontal  axis  of  the  master  stress  relaxation  plot  is 
a  logarithmic  value  (t/*y),  and  the  vertical  axis  Is  a  linear  value,  E(t) 
298/T,  where  E(t)  is  the  stress  relaxation  modulus  dependent  on  time.  T 
is  temperature  in  degrees  Kelvin,  st  equals  any  relaxation  time  at  tempera¬ 
ture  T  divided  by  the  corresponding  time  at  the  reference  temperature  (298 
degrees  Kelvin  or  77°F),  and  't'  Is  relaxation  time  in  seconds.  The  stress 
relaxation  modulus  for  any  combination  of  temperature  and  time  can  be  deter¬ 
mined  by  using  the  following  steps: 

a.  For  each  stress  relaxation  plot  there  is  associated  a  plot  of  tem¬ 
perature  In  degrees  F  versus  log  s^.  From  this  plot,  determine  log  cor¬ 
responding  to  the  temperature  at  which  strsss  relaxation  modulus  Is  desired. 

b.  Determine  log  't'  or  log  of  the  desired  stress  relaxation  time. 

c.  Determine  log  (t/ax)  by  using  the  equation: 

log  (t/a^)  -  log  t  -  log  a^. 

d.  Place  the  determined  value  of  log  (t/ay)  In  the  horizontal  axis 

of  the  large  plot  and  reference  the  master  stress  relaxation  curve  to  deter¬ 
mine  the  corresponding  value  E(t)298/T  In  the  vertical  axis. 

e.  Detsrmlna  298/T  and  dlvlda  Into  E(t)298T  to  find  E(t),  the  stress 
relaxation  modulus  at  the  desired  time  and  temperature. 
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TEST  RESULTS 


INTRODUCTION : 

Tasting  of  only  one  motor  at  this  test  period  required  a  different 
statistical  approach.  Means  and  variance  were  analyzed  for  the  1982  and 
1983  test  data.  This  type  of  analysis  will  track  any  change  between  the 
data  from  the  two  test  periods.  Table  1  shows  the  significance,  or  non- 
significance,  of  means  and  variance.  From  the  table,  it  can  be  seen  that 
few  comparisons  are  not  significant  in  either  means  or  variance.  This 
comparison  resulted  in  further  data  analysis. 

Combined  regressions,  using  other  dissected  motor  data,  were  made  to 
show  the  relationship  of  data  from  motor  0022687  to  the  other  motors  since 
a  regression  using  two  points  is  meaningless. 

Table  3  shows  the  significance  of  slopes  for  the  combined  multiple 
regressions  and  for  each  of  the  three  previously  dissected  motors.  This 
tabular  presentation  makes  it  clear  that  there  are  significant  differences 
between  motors.  This  current  analysis  completes  the  data  package  on  these 
motors. 

Tables  4  and  5  give  a  presentation  of  the  tensile  data  on  motor  S/N 
0022687  for  two  test  periods.  Table  6  gives  stress  relaxation  data,  while 
Table  7  lists  data  for  miscellaneous  test  parameters. 

A.  UNIAXIAL  TENSILE  TEST: 

Motor  0022687  outer  propellant  shows  an  apparent  Increase  in  all  para¬ 
meters  except  modulus  at  very  low  rate.  At  2.0  in/mln,  there  is  an  appar¬ 
ent  decrease  except  for  strain  at  rupture  (Table  4) .  Figures  5  through  16 
and  figures  29  through  40  show  all  these  parameters  for  all  motors. 

Inner  propellant  at  both  crosshead  speeds  shows  an  apparent  decrease 
in  all  parameters  except  modulus.  Figures  17  through  28  and  figures  41 
through  52  are  regressions  for  inner  propellant  on  all  motors. 
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B.  BIAXIAL  TENSILE  TEST: 

For  Che  outer  propellant  from  motor  0022687,  the  composite  regression 
visually  shows  an  increase  In  all  parameters.  Inner  propellant,  although 
not  statistically  verified,  showb  an  increase  in  strain  and  modulus  with 
a  slight  decrease  in  stress.  Outer  propellant  regressions  are  shown  in 
figures  53  through  64  and  inner  propellant  for  all  motors  in  figures  65 
through  76. 

C.  HIGH  RATE  HYDROSTATIC  UNIAXIAL  TENSILE: 

Motor  0022687  outer  propellant  shows  essentially  no  change  except  for 
a  decrease  in  modulus.  Inner  propellant  shows  a  significant  change  in  all 
parameters.  Regressions  for  all  motors  are  shown  in  figures  77  through  100. 
There  was  no  change  in  strain  at  rupture  in  any  motor.  The  maximum  stress 
for  the  individual  motor  regressions  except  for  motor  0022135,  inner  pro¬ 
pellant,  is  increasing  significantly  with  age.  The  modulus  for  all  the 
individual  motor  regressions  is  also  Increasing  with  age. 

D.  CIRCUMFERENTIAL  TENSILE: 

This  test  has  been  limited  to  inner  propellant.  At  0.0002  in/min, 
there  is  a  significant  difference  in  means  for  all  parameters  for  motor 
0022687.  At  2.0  ln/mln,  only  modulus  does  not  show  a  significant  change 
in  means.  Figures  101  through  112  represent  regressions  of  available  data 
for  this  test.  There  are  few  significant  changes  in  Che  Individual  motor 
regressions . 

E.  BI-PROPELLANT  TENSILE: 

Very  low  rate  testing  on  motor  0022687  showed  an  apparent  increase  in 
all  parameters  except  modulus.  This  is  probably  not  a  real  change  since 
trends  la  the  other  motors  are  mostly  not  significant  (figures  113  through 
121). 
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For  motor  0022687,  the  apparent  Increase  In  strain  and  decrease  in 
stress  and  modulus  under  hydrostatic  conditions  are  probably  not  signi¬ 
ficant  (Table  5) .  There  exists  only  a  limited  amount  of  data  for  this 
test  so  there  are  no  regressions. 

F.  MINITHIN  TENSILE: 

Mini thin  tensile  specimens  are  used  to  measure  changes  in  properties 
across  a  gradient.  The  possibility  exists  for  migration  of  ingredients 
from  insulation  and  liner  into  the  propellant,  or  from  the  propellant  into 
the  insulation  and  liner.  There  is  also  a  possibility  of  propellant  from 
the  bore  (inner)  to  show  changes  across  a  gradient.  Very  little  data  has 
been  acquired  from  this  test  (only  two  test  periods).  A  mean  of  all  the 
values  across  the  gradient  for  each  block  is  given  in  Table  5.  No  notice¬ 
able  trend  exists  in  the  gradient.  There  are  no  regressions  for  this  test 

G.  STRESS  RELAXATION  PROPERTIES: 

Stress  relaxation  data  for  motor  0022687  are  provided  in  Table  6.  A 
comparison  of  the  significant  changes  are  provided  in  Table  1. 

At  -65°F,  all  specimens  exhibited  bond  failure,  a  condition  which 
sometimes  occurred  at  -40°F.  Only  data  at  77°F  are  adequate  for  regres¬ 
sion. 

Combined  regressions  for  outer  propellant  are  shown  in  figures  122 
through  129.  Figures  130  through  137  show  combined  regressions  for  inner 
propellant. 

Master  curves,  as  explained  in  the  statistical  portion  of  the  report, 
are  also  included  for  1983  testing  of  motor  0022687.  These  are  given  in 
figures  138  through  141.  Insufficient  data  points  could  result  in  sharp 
regression  trend  slopes,  but  the  master  curves  indicate  no  problem  in 
stress  relaxation  at  this  time. 


H.  BURN  RATE: 


Burn  rate  Is  compared  In  Table  7.  Both  outer  and  inner  propellant 
show  faster  burning  than  In  1982  testing.  Regressions  for  all  motors 
are  given  In  figures  142  through  148.  A  significantly  faster  burning 
rate  for  motor  0022687  would  be  consistent,  at  least  for  Inner  propel¬ 
lant.  with  other  dissected  motors. 

I.  THERMAL  COEFFICIENT  OF  LINEAR  EXPANSION  (TCLE) : 

The  1983  data  for  motor  0022687  shows  no  significant  change  for 
outer  or  Inner  propellant  for  the  two  parameters  measured.  The  net 
effect  of  the  slight  decrease  in  TCLE  below  Tg  for  outer  propellant 
changes  the  total  regression  from  significant  to  non-significant. 
Regressions  for  this  parameter  are  shown  in  figures  149  through  152. 

TCLE  above  Tg  shows  a  significant  increase  (figures  153  through  156) . 

For  inner  propellant  there  are  changes  both  in  significance  and  slope 
depending  upon  the  motor  (figures  157  through  164). 

J.  HARDNESS: 

Shore  A  hardness  for  outer  propellant  in  motor  0022687  appears  to 
decrease  and  for  inner  propellant  it  appears  to  Increase.  Two  of  the 
other  three  dissected  motors  show  a  significant  decrease  in  hardness  at 
both  initial  and  10  seconds  (figures  165  thru  168  and  173  thru  176)  for 
outer  propellant.  Inner  propellant  shows  a  significant  decrease  for  two 
of  the  older  motors  (figures  169  thru  172  and  177  thru  180) .  Motor 
0022583  propellant  however  show*  a  hardening  trend. 

K.  SWELL  RATIO,  GEL  FRACTION  AND  MOISTURE: 

For  motor  0022687,  swell  ratio  on  Insulation  shows  a  slight  increase 
and  gel  fraction  shows  a  slight  decrease  from  1982  testing.  On  the  other 
hand,  liner  shows  a  decrease  and  gel  fraction  an  increase  over  1982  values . 
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The  moisture  In  the  insulation  wu  higher.  The  1983  ■peel— nt  were  ob¬ 
tained  from  section  4. 

Keen  values  for  these  tests  are  given  in  Table  7. 

L.  AVCOAT  PROPERTIES: 

A  Shore  D  hardness  test  was  run  on  Avcoat  material  removed  from  con¬ 
stant  load  specimens  before  bonding.  A  hardness  of  59  corresponds,  in 
general,  Co  the  hardness  obtained  on  tensile  specimens  of  Avcoat  In  the 
component  program.  Hardness  In  the  1982  report  was  for  Avcoat  plus  case. 

Shear  strength  of  Avcoat  under  pressure  is  somewhat  lower  chan  in 
1982  (Table  8). 

Both  shear  and  tensile  strength  of  composite  were  lower  than  in  1982 
testing  (Table  8) . 

M.  CONSTANT  LOAD: 

For  motor  0022687  the  constant  load  tensile  and  constant  load  shear 
also  show  lower  values  than  in  1982.  Values  are  given  for  three  time 
points  Instead  of  just  100  minutes.  Data  for  these  tests  Is  determined 
from  log  stress  versus  log  time  to  failure.  Failure  modes  differ, 
usually  propellant  to  liner  in  the  tensile  mode.  Shear  tests  showed 
cohesive  failure  in  the  propellant. 
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CONCLUSIONS  AMD  UCOMOMDATIONS 


CONCLUSIONS: 

For  aotor  0022687,  an  examination  of  Man  yaluas  shows  significant 
changaa  during  tha  1963  tasting.  Tha  slgnifleanca  of  trsnds  hovavar, 
cannot  be  determined  fro*  two  data  points.  Tha  ralatlonshlp  of  aotor 
0022667  to  othar  no tors  In  tha  dlssactad  prograa  Is  not  claar-cut . 
Although  thara  saaas  to  ba  a  pat tarn  for  soma  paraaatars,  it  Is  not 
conslstant  for  all  tasts.  This  Is  shown  In  tha  multi-motor  ragrasslons 
Tha  Individual  aotor  ragrasslons  hava  shown  significant  trends. 

Thus  far,  nona  of  thasa  ara  approaching  failure  limits. 

RECOMMENDATIONS: 

Tasting  on  aotor  0022687  should  ba  continued  In  order  to  determine 
trends  and  their  significance. 

It  would  be  advantageous  to  place  more  emphasis  on  consistency  of 
test  parameters  in  order  to  obtain  sufficient  data  for  regressions,  l.e 
mini thin  testing  and  hydrostatic  tasting  of  bl-propellant . 


SIGNIFICANCE  OF  VARIANCE  AND  MEAN 
('F'  Test  and  ' t'  Test) 

Coaparison  of  Motor  0022687  Tested  in  1982  &  1983 


77  F  3  Veri  Vari  Vari  Varl 
120°F  3  Mean  Mean  Mean  Mean 
160°F  3  Vari  Vari  Vari  Mean 
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S  “  Data  are  significantly  different 
IS  “  Data  not  significant 
M/A  ■  Only  three  test  periods 
-  ■  Mo  further  Covariance  testing  needed 
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TABLE  4 


Bi-Propellant  Tensile  Teat  Data 
1982  -  1983  Maan  Values 
Motor  S/N  0022687 

CHS  Sa  am  er  Sr  E 


Test 

(ln/aln) 

Year 

(in/ain) 

(in/min) 

iBSil 

Hydrostatic  Tensile, 

1750 

1982 

526.6 

.380 

.453 

515.8 

6323 

at  500  psi 

1983 

519.3 

.395 

.477 

504.2 

4578 

Uniaxial  Tensile 

.0002 

1982 

1983 

37.2 

39.9 

.217 

.229 

.237 

.260 

35.4 

36.8 

232 

225 

23 


TABLE  S 


0 

H 

• 

S 

H 

Test  Parameters 

1982  -  1983  Mean  Values 

OUTER 

CHS 

Sm 

em 

er 

Sr 

E 

Test 

(In/min) 

Year 

(psl)  (in/min) 

(in/min) 

(P»*> 

(Pai> 

Uniaxial  Tensile 

0.0002 

1982 

45.7 

.194 

.235 

42.3 

338 

1983 

47.6 

.224 

.258 

43.5 

290 

2.0 

1982 

129.9 

.388 

.592 

108.8 

944 

1983 

112.1 

.376 

.627 

92.0 

737 

Biaxial  Tensile 

0.2 

1982 

104.3 

.316 

.416 

95.5 

696 

1983 

110.0 

.354 

.452 

99.9 

761 

Hydroseadc  Tensile 

1750 

1982 

557.4 

.333 

.419 

541.6 

6887 

at 

500  psl 

1983 

560.6 

.340 

.432 

542.7 

5650 

Mlnlthln  Tensile 

1.0 

1983 

94.1 

.446 

.637 

79.7 

522 

INNER 

Uniaxial  Tensile 

0.0002 

1982 

48.6 

.356 

.407 

46.1 

185 

1983 

47.9 

.272 

.329 

44.1 

244 

2.0 

1982 

123.1 

.549 

.730 

111.4 

644 

1983 

116.5 

.423 

.712 

96.7 

751 

Biaxial  Tensile 

0.2 

1982 

118.1 

.447 

.529 

113.3 

447 

1983 

114.2 

.460 

.566 

108.8 

470 

Hydrostatic  Tensile 

1750 

1982 

606.1 

.507 

.665 

583.8 

5445 

at 

500  psl 

1983 

591.2 

.572 

.748 

559.2 

4037 

Circumferential  Tensile 

0.0002 

1982 

49.8 

.374 

.402 

48.3 

185 

1983 

55.5 

.334 

.368 

52.6 

22. 

2.0 

1982 

121.0 

.429 

.537 

111.3 

658 

1983 

141.7 

.596 

.657 

135.4 

638 

Mlnlthln  Tensile 

1.0 

1982 

118.5 

.737 

.833 

113.0 

653 

1983 

125.6 

.743 

.832 

120.7 

446 

{ 


TABLE  6 

Stress  Relaxation 
1982  -  1983  Mean  Values 


OUTER 


Strain 

Temp 

Year 

10  sec 

50  sec 

100  sec 

1000  sec 

Rate. 

CF) 

Tested 

(psl ) 

(psl) 

(psl) 

(psl) 

3* 

-40 

1982 

12,518 

7300 

5859 

2601 

1983 

13,784 

8176 

6403 

3007 

+20 

1982 

1635 

958 

793 

444 

1983 

1959 

1058 

866 

4.8 

+77 

1982 

506 

352 

318 

242 

1983 

467 

340 

301 

229 

120 

1982 

399 

322 

300 

245 

1983 

313 

246 

233 

168 

160 

1982 

275 

229 

214 

165 

1983 

337 

269 

248 

184 

5Z 

-40 

1982 

6571 

3743 

2951 

1219 

1983 

8512 

4564 

3583 

1663 

20 

1982 

1595 

887 

72.7 

395 

1983 

1629 

798 

614 

303 

77 

1982 

563 

399 

.357 

280 

1983 

546 

369 

338 

264 

120 

1982 

323 

259 

241 

195 

1983 

418 

323 

300 

238 

160 

1982 

304 

250 

234 

179 

1983 

275 

223 

206 

143 

INNER 

Strain 

Temp 

CF) 

Year 

10  sec 

50  sec 

100  sec 

1000  sec 

Rate 

Tested 

(psl) 

(psl) 

(psl) 

(psl) 

3Z 

-40 

1982 

15443 

9071 

7282 

3117 

1983 

17436 

10422 

8137 

3911 

20 

1982 

1470 

791 

622 

342 

1983 

1567 

817 

661 

273 

77 

1982 

529 

380 

340 

253 

1983 

402 

289 

261 

185 

-  25  - 


INNER  (CQNT) 


Strain 

Temp 

(°F) 

Year 

10  sec 

50  sec 

100  sec 

1000  sec 

Rate 

Tested 

(psl) 

(psl) 

(psl) 

(psl) 

3*(cont) 

120 

1982 

399  ' 

297 

279 

220 

1983 

302 

231 

220 

174 

160 

1982 

294 

253 

238 

190 

1983 

268 

214 

201 

162 

5* 

-40 

1982 

9356 

6556 

6321 

1854 

1983 

11998 

6590 

5251 

2552 

20 

1982 

1403 

781 

631 

321 

1983 

1514 

783 

561 

253 

77 

1982 

528 

373 

334 

250 

1983 

434 

295 

261 

207 

120 

1982 

370 

295 

273 

217 

1983 

334 

254 

234 

193 

160 

1982 

323 

279 

264 

219 

1983 

279 

228 

210 

171 

26 
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TABLE  7 

Miscellaneous  Properties 


Test 

1982  x 

1983  x 

Burn  Rate 

' 

Outer  Prop 

.297 

.304 

Inner  Prop 

.358 

.373 

TCLE  (In/In  x  10‘5°c) 

Outer  Prop  Above  Tg 

10.50 

10.0 

Tg 

-56 

-59 

Below  Tg 

6.29 

5.71 

Inner  Prop  Above  Tg 

9.82 

9.89 

Tg 

-58 

-57 

Below  Tg 

6.44 

5.92 

Hardness 

Outer  Initial 

77 

75.8 

10  sec 

69 

63.3 

Inner  Initial 

74 

76.7 

10  sec 

62 

65.0 

Swell  Ratio 

Insulation 

1.47 

1.58 

Liner 

2.42 

2.07 

Gel  Fraction 

Insulation 

89.69 

87.59 

Liner 

63.33 

67.52 

Moisture  (X) 

Insulation 

0.92 

1.57 

-  27 


TABLE  8 


AVCOAT  Properties 


Test  Conditions 

1982  X 

1983  X 

Hardness,  Shore  D 

83* 

59 

Shear  Strength,  Avcoat  (psi) 

1161 

1016 

2.0  in/min,  500  psi 

Shear  Strength,  Composite  (psi) 

171 

153.2 

2.0  in/min,  500  psi 

Tensile  Strength,  Composite  (psi) 

508 

419.5 

20  in/min,  500  psi 


Constant  Load  Tensile  (Log  stress  (psi)  vs 

@  1  min 

79.73 

log  time  to  fall/mln) 

9  10  min 

51.23 

9  100  min  37.8 

@  100  min 

32.9 

Constant  Load  Shear  (Log  stress  (psi)  vs 

@  1  min 

40.54 

log  time  to  fail/mln) 

9  10  min 

30.96 

9  100  min 

23.65 

*  This  represents  hardness  of  Avcoat  on  titanium.  All  hardness  on  Avcoat  in 
the  dissect  motor  program  was  obtained  this  way,  except  for  the  1983  data, 
which  is  on  Avcoat  alone. 
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AGE  AT  TEST  (TEARS) 

II  STAGE  OSCT  MTAS, INNER. AXIAL, H. A. HYDRO. CHS«1 750  AT  500  PSI, MAXIMUM  STRESS 
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H.R. HYDRO. CHS- 1750  RT  500  PSI.NRX  STR  <0022788> 
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109  DEGREES  OF  FREEDOM  =  107 
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II  STRGE  OSCTEO  HTRS, CHS-O. 0002  IN/HIN, INNER, CIRCUMF. ORIENT, 77  DEG,  STRN/RUPT 
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II  STAGE  OSCTEO  HTRS, CHS-O. 0002  , INNER, CIRCUMF. ORIENT, 77  DEG.STRN  RUPT  0022788 


AGE  AT  TEST  (YEARS) 

OSCTEO  MTBS.CHS-0.0002  . INNER. CIRCUNF. ORIENT, 77  DEG, MODULUS  <002213S> 


OSCTED  MTRS.CHS-0.0002  , INNER, CIRCUMF. ORIENT. 77  DEG. MODULUS  <0022788> 
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II  STAGE  OSCTED  MTRS,  CHS-2.0  IN/MIN,  INNER.CIRCUMF.ORIENT.77  DEG.  MAX  STRS 
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AGE  AT  TEST  (TEARS) 
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II  STAGE  OSCTEO  HTRS,  ChS-2.0  IN/MIN.  INNER, CIRCUHF. ORIENT. 77  OEG.  MODULUS 
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AGE  AT  TEST  (YEARS) 

II  STAGE  0SCT  MTR.2.0IN  G.L, BI-PROP, CHS-. 0002  IN/MIN, T/TEMP-077DEG  (F) , MAX  STRES 


E  AT  TEST  (YEARS) 

B1 -PROP, CHS*. 0002, T/TEMP*077DEG  (F) .MAX  STR<0022788> 


II  STAGE  OSCT  HTR.2.0IN  G. L. BI -PROP. CHS-. 0002  IN/MIN, T/TEMP-077  DEG  IF) , STRN/RUP 


MTR, 2. OIN  G. L, BI -PROP, CHS=. 0002  IN/MIN, T/TEHP-077  DEG  (F) , MODULUS 


T  =  ((  +  4.  1495423E+02  I  ♦  (  -7 . 0250338E-01  l  *  XI 
♦3.0068215E+01  SIGNIFICANCE  OF  F  =  SIGNIFICANT  <r,=  *4.  2961 222E *01 

-7 . 5272542E-0 1  SIGNIFICANCE  OF  R  =  SIGNIFICANT  S*=  ♦ I .281 1341E-01 

♦5.4834492E+00  SIGNIFICANCE  OF  t  =  SIGNIFICANT  St  =  *2. 889U62E*0l 

25  DEGREES  OF  FREEDOM  =  23 
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II  STAGE  OSCT  MTR.2.0IN  G . L . 8 1 -PROP . THS= . 0002 . T/TEMP=0770EG  (FI  . MOOUIUS  0022135 


HTR . 2 . 0 IN  G . L . B I -PROP . CHS* . 0002 . T/TEMP=077DEG  (F)  . MG0ULUS<0022788> 
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RGE  RT  TEST  (TERRS) 

STAGE  II. DISSECTED  MTRS , OUTER . STRESS  RELAXATION. 3  PERCENT . +77  DEG, 10/SEC. 


AGE  AT  TEST  (YEARS) 

5SECTED  MTRS, OUTER. STRESS  RELRXRT i ON. 3  PERCENT , +77  DEC. 50/SEC 


SSECTEO  MTRS, OUTER, STRESS  RELAXATION, 3  PERCENT , +77  OEG.IOO/SEC 
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STAGE  1 1 .DISSECTED  MTRS, OUTER, STRESS  RELAXATION, 5  PERCENT, ♦77  DEG. 10/SEC 
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STAGE  1 1 . OISSECTEO  MTRS, OUTER, STRESS  RELAXATION, 5  PERCENT , +77  DEG. 100/SEC 
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STAGE  II. DISSECTED  NTRS, OUTER, STRESS  RELAXATION. 5  PERCENT, *77  DEG. 1000/SEC 
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STfiGE  1 1 .DISSECTED  MTRS, INNER, STRESS  RELAXATION, 3  PERCENT. *77  0EG, 10/SEC 


DISSECTED  MTRS, INNER. STRESS  RELAXATION, 3  PERCENT. *77  DEC. IOO/SEC 
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0.00  4.00 - 8s^0  12.00  16.00  20.00  24.00  28.00  32.00 

AGE  AT  TEST  (TEARS) 

STAGE  1 1 .DISSECTED  HTRS, INNER. STRESS  RELAXATION. 3  PERCENT, ♦77  DEG, 1000/SEC. 
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AGE  AT  TEST  (TEARS) 

STAGE  II. DISSECTED  HTRS, INNER. STRESS  RELAXATION. 5  PERCENT, +77  DEG, 50/SEC. 
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AGE  AT  TEST  (YEARS) 

STfiGE  1 1. DISSECTED  MTRS, INNER. STRESS  RELAXATION, 5  PERCENT, *77  DEG. 100/SEC. 
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